The pathogenesis of chronic chagasic cardiomyophathy associated with Chagas disease is still controversial, although evidence indicates a T cell-dependent autoimmune process. Using a mouse model for chronic Chagas disease, we previously evidenced that hearts grafted within the ears of Trypanosoma cruzi infected syngeneic recipients were rejected through a CD4 + T cell-dependent mechanism. Moreover, we showed that such a process was dependent on laminin-mediated interactions, since it could be abrogated by anti-laminin or anti-laminin receptor antibodies. In this review the same passive cell transfer model is considered for discussion: the participation of the laminin alteration in the composition of the inflammatory infiltrate formed in response to the antimyocardial autoreactive CD4 + T cells, as well as the presence of laminin-binding cytokines. Finally we suggest the existence of a relationship between the inflammatory infiltrate, the laminin contents and deposition of pro-inflammatory laminin-binding cytokines, which may act in concert during the generation of Chagas disease-related cardiomyophathy.
Increasing evidence demonstrates that a large variety of cellular activities depend on extracellular matrix (ECM) components, a network of proteins and glycosaminoglycans filling the intercellular spaces of tissues. This specialized structure is involved not only in the support and maintenance of tissue architecture but also as signaling molecules that interact with cellular receptors to convey outside-in signals (Myamoto and Yamada, 1995) . Particularly regarding the immune response, recognition of ECM moieties by lymphocytes is a critical event that regulates the traffic and also influences antigen recognition. In this respect a particular ECM component, namely laminin appears to be one the most potent cell adhesion molecules. Laminin is a family of heterotrimeric glycoproteins, whose prototypical form is composed by three chains (o1,1,/1) which form a cross-shaped molecule with three short arms and one long arm (Burgeson et al., 1994) . At least eight laminin chains coded by distinct genes have been identified and can form different heterotrimeric isoforms with specific chain assembly and localization, which appears to be correlated to cell and tissue type (for review see Timpl and Brow, 1994) .
As the major structural element of all basement membranes, including those of cardiac and skeletal muscles cells (Ehrig et al., 1990) In the chronic phase of the disease, the presence of cardiac disorders with consequent heart failure, relates to death in about 20% of the patients (Brener and Gazzinelli, 1997 Conjointly, these in vivo data suggest that autoimmune mechanisms are involved in the pathogenetic process of heart tissue damage. In fact, recent studies conducted in human Chagas disease indicate a T cell-dependent autoimmune process, which may be related to the generation of the myocarditis associated with the chronic phase. Such autoreactivity appears to be derived, at least in part, from molecular mimicry, since the presence of a specific fragment of the cardiac (but not skeletal) myosin can induce proliferation of CD4 + T cell clones derived from a chagasic patient (Cunha-Neto et al., 1996) .
In this context an extensive tissue damage induced by the massive presence of parasite into the heart during acute phase of Chagas disease, together with its persistence in the chronic phase, favor the hypothesis that autoreactive clones against products from myocardial tissue could be maintained. Then, disturbances leading to the break of self-tolerance and modifying the microenvironment can be involved in the development of this parasite-induced autoimmune process.
POSSIBLE INVOLVEMENT OF LAMININ IN THE AUTOIMMUNE RESPONSE FOUND IN CHAGAS DISEASE Changes of laminin contents in the context of T. cruzi infection: lessons from transplanted animals
The analysis of heart biopsies from patients in different clinical stages of the Chagas disease, cardiac with or without heart failure, demonstrated that inflammation is more severe in groups presenting heart failure. In the chronic cardiomyopathy, a foccused or diffuse mononuclear cell infiltrate is observed, positively correlating with regions of myonecrosis, interstitial fibrosis and rare fibers with intracellular parasite (see review Brenner and Gazinelli, 1997).
Evidence for the contribution of laminin to heart inflammatory response in Chagas disease was firstly provided by the detection an increase in laminin deposits intermingled with myocardial fibers in heart tissue from experimental models (Andrade et al., 1989; Miley et al., 1993; Sanchez et al., 1993) .
In a second vein, a series of studies indicates that laminin and VLA-6 expression in lymphoid organs can be altered along with infectious diseases. In peripheral T cells from chagasic animals, we evidenced an increase in VLA-6 expression, not only in the acute, but also in the chronic phase of the T. cruzi infection (Lima-Quaresma et al., in preparation). For example, in chronically infected mice, we found a rise in both absolute and relative numbers of CD4 + T lymphocytes bearing high density of VLA-6 (Silva-Barbosa et al., 1997). These findings, together with the data showing an increase in laminin expression within autologous heart tissue (Andrade et al., 1989) , indicate that VLA-6/laminin interactions may be relevant for the developing of the carditis that takes place in chagasic mice and humans.
Interestingly, such a VLA-6/laminin interaction appears to be a broader event, also occuring in typical allogeneic T cell dependent immune responses. In fact, rejection of allogeneic heart grafts in rats could also be blocked by in vivo treatment with anti-laminin antibodies (Kupiec-Wieglinski and de Sousa, 1991) , a result that we have also seen in mice that received allogeneic heart grafts in the ear lobes (Riederer et al, manuscript in preparation).
In experimental T. cruzi infection, once we established that heart grafts were rejected through a CD4 + T cell-dependent autoreactive mechanism, we searched whether or not such a process was dependent on laminin-mediated interactions. Consistently with our previous data, we showed that in the transplant heart model, transfer of CD4 + T cells from infected animals elicited an abnormally dense laminin network in the areas surrounding the myocardial cells and externally to th e grafts accompanies the rejection process. Moreover, we found pre-labeled injected cells within the grafts, in sites rich in laminin (Silva-Barbosa et al., 1997) . Conjointly, these results prompted us to investigate a putative involvement of laminin and VLA-6 upon the influx of effector cells into the lesion. To approach this issue we treated the recipients' ears with an single dose of anti-laminin monoclonal antibody (mAb) adjacent to the graft, and prior to passive transfer of spleen-derived CD4 + T cells from chagasic mice. This treatment significantly blocked heart rejection. Importantly, incubation of CD4 + T cells from infected animals with the anti-laminin receptor mAb before cell transfer, also resulted in abrogation of graft rejection, as ascertained by direct monitoring of heart beats and of macroscopic aspect of the graft, as well as histological and ultrastructural evaluation (Fig. 1) .
In both blocking protocols, clusters of donor cells were seen outside (but not within) the grafted tissue (Fig. 2) (Lortat-Jakob et al., 1991) . Additionally, the binding of a cytotoxic T-cell line to laminin leads to the enhancement of IFN-qt mRNA expression, and such effect is blocked by anti-VLA6 mAb (Li et al., 1998) . Furthermore, TNF-can bind to laminin, and such an event amplifies the pro-adhesive effect of the cytokine upon lymphocytes (Hershkoviz et al., 1995) .
Recent reports strongly support a role of cytokines in the genesis of the autoimmune process and in determining the susceptibility or resistance to infection (Romagnani, 1996; Lafaille et anti-IFN-T or anti-TNF-c mAb renders the animal more susceptible to acute infection (Silva et al., , 1995 . In addition, in chronically infected mice, activated lymphocytes were detected; being associated with the production of both inflammatory and anti-inflammatory cytokines in the chagasic hearts (Zhang & Tarleton, 1996) . Moreover, the high pro- (Hershkoviz et al., 1993; Li et al., 1998) . In this respect, we recently defined the distribution pattern these laminin-binding cytokines in response to the presence of antimyocardial autoreactive CD4 + T cells, in heart tissue previously grafted to syngeneic normal recipients. We further compared these parameters, either in the absence or in the presence of a local anti-laminin mAb treatment. Immunostaining revealed IFN-y + cells and TNF-o+cells externally to and within the grafts after CD4 + T cell transfer. Additionally, a fibrillary immunostaining for IFN-y and TNF-c was detected, and by confocal microscopy evaluation we found that it was co-localized with laminin. In contrast, when we analyzed anti-laminin treated animals, the intra-graft labeling for these cytokines was largely diminished along with the days post-transplantation. Overall, the in vivo anti-laminin immune intervention resulted in a decrease of laminin contents within and surrounding the graft, that paralleled a decrease in the cellular infiltrate and a local diminution of the laminin-binding cytokines, IFN-y and TNF-c.
The role of TNF-o was also investigated in allogeneic heart graft in rats: injection of the cytokine enhanced graft rejection whereas treatment with anti-TNF-c antibodies blocked rejection of the transplanted organ (Coito et al., 1994 (Coito et al., , 1995 . However, in this experimental condition laminin deposition and co-localization with TNF-a was not checked during rejection or during its abrogation by anti-TNF-a treatment.
CONCLUDING REMARKS
Taken together, the data discussed above lead led to the hypothesis that an effective response could be resulting to the balance between soluble factors, proteins of extracellular matrix and the cellular infiltrate formed in response to this "cross-talk". The studies performed with the CD4 + T cell transfer into ears containing syngeneic hart grafts allowed to propose a model to explain the role of laminin as part of the mechanism of graft rejection triggered by transferred cells (Fig. 3) .
The concept emerging from the studies discussed so far is that lamininWLA-6 interaction can be regarded as part of the general control mechanism that governs migration of T lymphocytes, including their interaction with microenvironmental products. Moreover, such notion appears be suitable for normal and pathological states, including autoimmune diseases. In this respect, one can envision such a laminin/VLA-6 interaction as potential target for immuneintervention.
Lastly, since further ECM components do play a role in T cell physiology, it is predictable that interactions involving other ECM ligands and their corresponding receptors (for example fibronectin versus VLA-4 and/or VLA-5) may be involved in the behaviour of activated T cells, independently of the fact that they recognize self or nonself antigens.
